In a multigeneration reproduction study, tara gum or a-cellulose was administered to male and female Charles River CD rats as a dietary admixture at levels of 5% (50,000 ppm) through 3 successive generations. All matings consisted of 10 males and 20 females per group, All litters were maintained until they were at least 21 days old (end of lactation). Fertility was generally high, and there were no consistent, statistically significant, compound-related adverse effects on any of the parameters evaluated. It is concluded that tara gum, fed at a dietary level of 5 % for 3 successive generations, did not adversely affect reproductive performance. In a study designed to assess embryotoxicity and teratogenicity, tara gum was administered as a dietary admixture to mated female rats at levels of 12,500,25,000, and 50,000 ppm from days 6 to 16 postcoitum. No deaths occurred and no compound-related signs or symptoms were observed. Necropsy fmdings were negative. Examination of fetuses yielded no evidence of embryonic andor teratogenic potential of tara gum.
INTRODUCTION
ara gum, formed from the endosperm of seeds of the leguminous plant Caesalpinia spinosa, is a potential T replacement for other gums, especially locust bean gum, as a formulation aid, stabilizer and thickener in ice cream, cheese, milk puddings, bakery products, sauces and condiments, processed sea foods, frozen, foods and pasta. Tara gum is primarily a galactomannan polymer. Galactomannans are the main component of other gums; for example, guar and locust bean.
Previous animal feeding studies to evaluate the potential toxicity of tara gum include three 90-day studies in and one in beagle dogs'4'; and two 2-year studies with rats and one in rni~e'~.~.". An Ames reverse mutation assay@' and a micronucleus test in mice"' have also been conducted. These studies have recently been reviewed"'. The feeding studies revealed no significant adverse effects attributable to tara gum at the 5% dietary level, the maximum level fed. There were no compound-related effects reported in the genotoxicity studies.
The present multigeneration study was conducted to evaluate the potential effects of tara gum, fed as a dietary admixture through three successive generations, on reproductive performance and on the survival and development of offspring. The second study was conducted to assess the effects of tara gum (as a dietary admixture) on Department of Pharmacology and Toxicology, Medical College of Virginia, Richmond, VA. embryonic and fetal development when administered orally to mated female rats from day 6 through the morning of day 16 postcoitum.
MATERIALS AND METHODS

Multigeneration reproduction study of tara gum in rats
Animals. Weanling Charles River CD albino rats (Charles River Breeding Laboratories, Wilmington, MA) 22 days of age when they arrived at the laboratory, were used. The rats were randomly assigned to a test group and permanently identified by a coded ear-punch numbering system. The parental animals for the second and third generations were selected from weanling offspring of the preceding filial generation, with sibling matings being avoided. They were also identified with appropriate ear-punch markings. The rats were individually housed on a 12-hour light-dark cycle in suspended, stainless steel cages during the premating, gestation, and lactation periods. Drinking water and the appropriate diets were available ad libitum.
Diet. The tara gum was supplied by Unipektin (Zurich). Analysis confirmed that the tara gum met the FAO/WHO specifications. The a-cellulose was obtained from Sigma Chemical Co. (St. Louis, MO). The basic diet was Purina Rat Chow (Purina Company, St. Louis, MO). The diets were prepared weekly by blending appropriate amounts of the test materials with the basic diet. The levels of tara gum and a-cellulose in the diets were 546 (w/w).
Experimental design and observations. The experimental design is summarized as Figure 1 . Signs of toxicity, mortality, body weights, and food consumption were recorded. After 12 weeks of treatment, mating occurred. Two females were caged with 1 male during the mating period. Females were examined daily for signs of mating (copulation plugs or bloody vagina). Males were rotated among females of their dietary group at 10-day intervals. Females remained with males until conception was confirmed (copulation plug) or until females were paired with 2 males. Confirmed pregnant females were placed in suspended cages with stainless steel floor plates and beddinghesting material. Litters were weaned 21 days postpartum. Following a 10-day rest period, the dams were remated using the procedure described for the fvst litters. Females of the FO and F2 generations were mated to produce 2 litters (a,b). F1 generation females were mated to produce 3 litters (a,b,c). Females that failed to conceive during the first mating (a) were not mated during the second mating (b) but all females were mated to produce the c litters. The parental animals (10 males and 20 females) for succeeding generations were randomly selected from the second litter (b) of the preceding generation. Litter mates were retained for 2 weeks to replace any animals that died. No replacements were made after 2 weeks.
Offspring were counted and examined at parturition for gross abnormalities and viability (stillborn and partially cannibalized were also noted). Survival was recorded on lactation days 1,4, 12, and 21. Litters were culled to 10 pups on day 4. Litter weights were recorded on days 1, 4, and 12. Pups were weaned, individually sexed, and weighed on lactation day 21. Pups not selected as parental animals were humanely sacrificed.
AII parental animals that died during the test period were necropsied and appropriate tissues stored in 10% neutral buffered formalin. After weaning the second or third generation, surviving parental animals were weighed, sacrificed with CO,, exsanguinated, and necropsied. The following tissues and any abnormal tissue were preserved in formalin: lungs, gonads, eyes, stomach, pancreas, bladder, bone, small and large intestine, uterus, mammary glands, brain, liver, heart, pituitary, spleen, thyroid, kidneys, thymus, and adrenals. A11 Flb, F2a, F2b, F3a, and F3b pups not used as parents were necropsied and abnormal tissues were preserved in formalin. Ten males and 10 females, randomly selected from each of the F3b litters, were sacrificed, necropsied, and the following tissues examined histopathologically: brain, heart, kidneys, adrenals, liver, spleen, testes, pancreas, bone with marrow, urinary bladder, stomach, and small and large intestines.
Appropriate statistical analyses were applied to the data. Comparisons were between the a-cellulose and tara gum groups. Body weight, population data, organ weights, and organ weight ratios were subjected to a one-way analysis of variance, Tukey's Multiple Comparison, or Scheffe's Multiple Comparison. Organ weights and organ weight ratios were also subjected to Kruskel-Wallis Analysis of Variance Procedure and the Kmskel-Wallis Multiple Comparison procedure.
Embryotoxicity study in rats
Animals. Wistar/HAN rats (KFM, Kleintierfarm Madoerin AG, Fuellinsdorf, Switzerland) with initial body weights of 186 to 223 g were housed individually in wire mesh cages with softwood bedding (Lignocel, Schill AG, Muttenz, Switzerland) at 22 2 3°C and 40 to 70% relative humidity with 10 to 15 air changes per hour and 12-hour light and dark periods. Water and food pellets (Kliba 343 rat diet, Klingentalmuehle AG, Kaiseraugst, Switzerland) were available ad libitum.
Experimental design and observations. After acclimation (10 days), females were housed with males (1:l) overnight until either the daily vaginal smear was sperm-positive or a copulation plug was observed. After this time, the female was removed and rehoused individually. The day was recorded as day 0 postcoitum. Four groups BORZELLECA AND EGLE of 25 mated female rats were fed pellet-sized diets containing 0, 12,000, 25,000, or 50.000 ppm tara gum from days 6 to 16 of gestation. On day 21 postcoitum, all females were killed by CO, asphyxiation and the fetuses removed by caesarean section. The following were recorded: mortality, signs of toxicity, body weights, and food consumption. Postmortem examination, including gross examination of all internal organs, with emphasis on the uterus and number of corpora lutea, were performed. The fetuses were removed from the uterus, sexed, weighed, and examined for gross external abnormalities with additional analysis of the viscera, brain and skeleton.
RESULTS
Multigeneration reproduction study of tara gum in rats
There were no consistent, statistically significant, compound-related adverse effects on any of the parameters evaluated, including mortality, food consumption, body weight gains (Figure 2) , general health, and behavior.
The mating and reproductive performance indices are summarized in Table 1 . There were no consistent, statistically significant differences between the control and tara gum-treated groups. These data suggest that tara gum has no adverse effect on reproductive performance and in utero development.
Data from offspring are summarized in Table 2 . The 12-day and 21-day survival indices and mean body weights were lower in the group receiving tara gum. However, there were no statistically significant differences in any of the reproductive indices ( Table 1) .
Data from those progeny selected as parental animals for subsequent generations (F1 and F2 parents) indicates that these animals exhibited normal growth patterns and reproductive performance. There were no unusual behavioral effects. Gross examination of the parental animals and offspring and histopathologic examination of the tissues from selected F3b progeny did not identify any tara gum-related abnormalities.
Embryotoxicity study in rats
There were no deaths and no statistically significant differences in food consumption, body weight gain, general health, or behavior between the dams receiving the control and tara gum diets. Examination of the dams at necropsy Fecundity index (number of pregnanciednumber of copulations X 100)
Fertility index-males (number of sireslnumber of males mated with fertile females X 100)
Fertility index-females (number of pregnancieslnumber of females mated with fertile males X 100)
Incidence of parturition (number of parturitionslnumber of pregnancies X 100) REPRODUCTIVE EFFECTS OF TARA GUM did not show any abnormalities that could be related to the test diet. There were no effects of tara gum on the number of implantations, viable fetuses, or resorptions (Table 3 ). The external, visceral, and skeletal examinations of the fetuses did not reveal any compound-related abnormalities. There were no statistically significant differences in the fetal body weights. There were no differences in the sex ratios of the fetuses.
CONCLUSION
Under the conditions of these studies, tara gum (at a dietary level of 5%) did not produce any adverse effect on reproductive performance or development of progeny. Tara gum did not exhibit any maternal toxicity, embryotoxicity, or teratogenic potential. Based on the results of these studies, the no observable adverse effect level (NOAEL) is considered to be higher than 50,OOO ppm (5%) in the diet, the highest level tested. 
